Of course the integral of the unwanted signals does not directly correlate to the quantity of the impurities. However, as long as the number of protons contained in the main compound and in the observed impurities is in the same order or magnitude, this ratio provides a very good estimate of the purity level. It should be mentioned that the information required for the purity and quantification can be derived from the same spectrum already acquired for the identification of the compound. No further time is required in order to generate this information.
In service laboratories in the pharma industry today, chemists synthesize huge numbers of different compounds on the basis of parallel synthesis and combinatorial chemistry, which must be verified. One main aspect is the confirmation of chemical identity and information about molecular formulae to identify possibly present impurities. Most often, a screening approach is applied in order to obtain a rough estimation on the purity, concentration and identity of the synthesized products. This flags up samples below a certain purity or those with too many impurities or samples that are not what they are considered to be. It is often impossible to use all samples at the same time; therefore most of the samples are stored in libraries for later use. Undertaking quality control on a regular basis is mandatory in order to check for possible degradation reactions.
The main application areas for quality control and confirmation of molecular ID is synthetic chemistry (medicinal chemistry, core facility, organic chemistry and pharma NCE). Another broad field of application is the identification of small molecules, such as metabolite ID, natural products and pharma impurity.
All of these issues are handled using different spectroscopic techniques (such as NMR, LC-MS and X-ray) and by manual inspection of all the spectra types generated. This activity demands an expensive reservoir of human experts with vast knowledge in spectral interpretation; a talent that is becoming very rare nowadays. It also is very cost intensive, which is why the quality assurance of larger libraries was often neglected in the past, and only rudimentary analysis was performed on select samples. An automated approach to structure verification based on the integration of different information rich spectroscopic methods should be the method of choice.
Integrated Spectroscopy
Ulrich Braumann at Bruker BioSpin and Herbert Thiele at Bruker Daltonik analyze structure verification of small molecules using integrated MS spectrometry and NMR spectroscopy Dependency of the number of compounds obtained for a given mass accuracy ignoring isotopic peak ratios
Complete Molecular Confidence
Complete molecular confidence (CMC) is a concept for a fully-integrated NMR/LCMS based solution optimally complemented by X-ray spectroscopy, supporting molecular formulae determination and automated structure verification for small molecules and natural products. This new concept explores the synergies of the major analytical techniques LC-MS, NMR and also X-ray. CMC incorporates complementary analytical techniques: mass spectrometry for molecular formula determination and nuclear magnetic resonance for structure verification and elucidation. CMC assists the analysis on data combined from the information-rich spectroscopic techniques and will finally output the molecular profile in the form of a compact report. This details metrics for the quality of the fit of the molecular formula and structure as well as any other sum formula/structure candidates. It delivers a probability for the verification of the proposed molecular structure, approximate purity information and quantity of the sample.
From Mass Spectrum to Molecular Formula
This signals a new dimension in compound verification. This allows exact mass determination over the whole dynamic range as it is not compromised by dead-time effects found in the more common time-to-digital-conversion (TDC).
The ADC technique combined with high resolution TOF-MS is also important for the accuracy of the relative intensities of the isotopic peaks. This accuracy is required for the success of the true isotopic pattern (TIP) matching strategy. This can be a severe problem for TDC based TOF-MS, because the intensity of isotopes following high abundant isotopes is often reduced by the dead-time of the detector. In MS/ MS spectra generated with the micrOTOF-Q II, the isotopic pattern information and the accuracy is also retained in the 
Isotopic Pattern Analysis -Scoring of Formula Candidates
Mass accuracy is not enough to reduce the number of possible hits in molecular formula generation. The SmartFormula approach considers the isotopic pattern distribution for MS spectra. After generation of a list of all possible formulae for a selected mass of an LC-MS peak, the measured isotopic pattern is compared with the theoretical isotopic patternresulting in a statistical match factor, the sigma factor (s).
The sigma factor reported is simply the statistical variance between the measured and theoretical isotopic profile based on the intensity values of the peaks in the pattern. This comparison is done for all the generated molecular formulae. The sigma value is then used to put the formula.
Enhanced Probability-Based Concept
An isotopic pattern is described by three characteristic properties: the mass position of the peaks in the pattern; the peak intensities; and the peak distances within the pattern. Because of the precise isotopic patterns delivered by the MS instrument, it is possible to combine the mass position, the distance between the isotope peaks and their intensity into an integrated scoring with higher confidence for the individual hits. This procedure results in a scoring value which can be used to reduce the list of hypothetical formulas based on a true quality criterion, reflecting the quality of the matching property of the true isotopic profile for the individual molecular formula. In many cases there are several molecular formulae with well-matched properties. It is not sufficient to consider only one hit with the best scoring factor; there are a few hits satisfying the overall criteria. The overall ranking of the formulae candidates has to be extended into a probabilitybased scoring concept, modelling the distributions of mass accuracy and true isotopic pattern matching for a number of possible candidates. Considering all of the generated formula candidates using a Bayesian statistical modelling of the deviations, a score value with a range of 0 to 100 can be derived. 
Precision in Formula Generation

From Molecular Formula Determination to Automated Structure Verification
A typical task for an analytical service laboratory in the pharmaceutical industry is to answer three typical questions: Did I really synthesise the correct compound?
n What is the compound purity level?
n What are the impurities?
These can be answered using an automatic compound 
MS Based Compound Confirmation
Step 1: Confirm Formula The extracted ion chromatogram (EIC) is created for the masses of the expected formula plus possible adducts as defined in the 'operation method'.
A chromatographic peak finder determines the peak boundaries and an averaged MS spectrum is generated over the whole peak.
The expected compound is verified by the algorithm mentioned above. As a result the parameters err [ppm] (that is, the mass deviation) and sigma (the fit of the theoretical and measured isotopic pattern) indicate the quality of the compound confirmation process. As a rule of thumb the parameter err
[ppm] should be less than 2 ppm and the parameter sigma (s) should be less than 0.02 to indicate a good confirmation of the expected molecular formula. If present, common adducts such as Na and K are listed-adducts are confirmed and reported as well.
Step 2: Purity Calculation In the next step the chromatographic peak purity is calculated. Therefore we have to calculate the fraction of the peak area of the expected compound with regard to the total peak area. The expected compound peak in the base peak chromatogram (BPC) is determined by retention time matching with the corresponding EIC peak. For the shown example the calculated purity for the confirmed molecular formula C 12 H 23 N 2 O 2 is 95.8 per cent.
As neither MS nor UV(VIS) detectors are able to detect all chemical compounds, a purity calculation based on UV or BPC can only by partially correct. This is especially true if only one ionization method is involved. In general the UV(VIS) trace might yield additional information for structure verification compared to MS and NMR. However, this may be more important for a structure elucidation concept where there is no a priori guess as to the detected compound.
Step 3: Impurity Identification In this step the algorithm operates for all peaks in the BPC except the peak assigned to the expected compound. For one or more of the most intensive MS peaks in the averaged spectrum over the chromatographic peaks, the model generates possible molecular formulae, which can be discriminated by the quality parameters of the algorithm [ppm/s]. Although mass accuracy is good for both formulae the ranking, based on the sigma value, returns the correct formula as the top hit (in this special case the sodium adduct of a common plasticizer). LC-MS is a routine analysis technique that can quickly deliver precise and reliable information for the identification of compounds with high sensitivity. In addition, it directly detects the presence of atoms such as oxygen, sulphur, nitrogen, chlorine that are typically not the subject of a direct NMR analysis due to their inherent low NMR sensitivity.
However, important aspects of the task of CMC are not covered due to the intrinsic properties of an LC-MS analysis.
These include differentiation of isomers and the differences in ionization efficiency and matrix effects that make any kind of quantification and thus purity control without specific reference compounds impossible. Here the NMR provides a complementary technique that generates a wealth of structural information. NMR is a fully quantitative method-its signal intensities correlate directly to the amount of protons of all components and thus yield the concentration as well as an estimation for the purity of a solution. The same principle can 
NMR Measurement for Quality Control?
Traditional containers for NMR samples are, typically, 7"-long NMR tubes with 5 mm diameter that need to be positioned in spinners which are then one-by-one put on a sample changer with a capacity in the order of 100 samples. One solution is 100 mm long NMR tubes in well plate format that not only allow for the simple filling and preparation of the NMR tubes by a commercial liquid handler, but also reduce the manual transfer into the NMR to one single action for a complete set of samples.
Verification Based on 1D and 2D NMR Data
The first step in the verification of a compound is the acquisition and evaluation of a 1 H spectrum. For this analysis a 1 H spectrum is predicted for the proposed structure based on the supplied MOL or SDF file using a chemical shift and spectral prediction tool. In the subsequent automatic consistency analysis (ACA), the predicted and experimentally acquired spectra are compared and, in an iterative process, the predicted spectrum is adapted to the experimental data.
The likelihood that the experimental data correspond to the proposed structure is reported. This is based on the number of changes that were applied to the predicted spectrum and the similarity of iterated and experimental spectrum with respect to peak position, integrals and coupling constants.
Signals arising from the solvent are also taken into account. The analysis of the 2D file is also automated. The predicted ranges and experimental data are overlayed and the detected signals are assigned to the predicted ranges. The result is a matching factor that describes the similarity of the experimental and theoretical data.
Quantification and Purity
In contrast to LC-MS the signal integral in an NMR spectrum correlates directly to the amount of detected compound as long as a few simple experimental parameters are respected.
The only additional sample information required is the number of protons that contribute to the NMR signal used for the quantification.
With a proposed structure, this information is available through the predicted NMR spectra from the PERCH routine. Here an assignment of signal and structure element is automatically provided. Even without a structure the NMR spectrum, by itself, provides, in most cases, enough information to identify at least the structure element of one signal group. This is already sufficient for the quantification.
The CMC concept includes a solution package for computerassisted compound quantification. This solution package includes all the necessary parameters for the setup, the acquisition, the processing and the analysis of the NMR spectra. It supports the use of samples of minute quantity stored in normal (that is, nondeuterated) DMSO, as it is most commonly used in compound libraries in pharma industry. All results are presented in the form of a standardized sample quality report.
